Abstract Accurate expression profiling is imperative for understanding the biological roles of mRNAs. Real-time PCR have been at the forefront of biological innovation in detection and monitoring of gene expression, however, fluorophorelabeled oligonucleotides and double-stranded DNA binding dyes, the two most frequently used dyes in RNA detection, are not very cost effective and have poor specificity, respectively. We have developed a cost effective and specific approach for mRNA expression profiling via added unique sequence index (USI) to cDNAs before amplification. USI is a barcode which enable the detection of each target RNA. Using this method, caudal type homeobox 1 (CDX1) and FAT atypical cadherin 4 (FAT4) expressions were investigated in tumoral and non-tumoral tissues of gastric cancer patients and compared with commercial ABI kit. Both methods indicated that FAT4 and CDX1 expression were significantly reduced in gastric cancer tissues compared with adjacent noncancerous tissues. Moreover, we have shown that this assay is highly sensitive, linear and reproducible. USI barcode not only provides a powerful tool for mRNA detection due to its sensitivity, specificity and cost-effectiveness, but also allows comfortable design for real-time qPCR assays within the least time and empowers the analysis of many transcripts of virtually any organism. Furthermore, USI barcode is highly affordable for large numbers of different samples or small sample sizes without microarray and expensive commercial platforms. 
this method, caudal type homeobox 1 (CDX1) and FAT atypical cadherin 4 (FAT4) expressions were investigated in tumoral and non-tumoral tissues of gastric cancer patients and compared with commercial ABI kit. Both methods indicated that FAT4 and CDX1 expression were significantly reduced in gastric cancer tissues compared with adjacent noncancerous tissues. Moreover, we have shown that this assay is highly sensitive, linear and reproducible. USI barcode not only provides a powerful tool for mRNA detection due to its sensitivity, specificity and cost-effectiveness, but also allows comfortable design for real-time qPCR assays within the least time and empowers the analysis of many transcripts of virtually any organism. Furthermore, USI barcode is highly affordable for large numbers of different samples or small sample sizes without microarray and expensive commercial platforms. 
Introduction
Identifying differentially expressed genes is an integral part of understanding the molecular basis of human diseases and may also be used for diseases diagnosis or prognosis (Khan et al. 2001; Martin et al. 2009; Mayfield and Harris 2009; Ståhlberg et al. 2011 ). In the past decades, several methods including microarray and real-time quantification PCR (QPCR) have been developed to detect the expression of genes (Gibson et al. 1996; Heid et al. 1996; Krumlauf 1994; Tarca et al. 2006) . QPCR is a well-established procedure widely and increasingly used for gene expression analysis in the medical field due to its high sensitivity, good reproducibility and wide dynamic quantification range (Murphy and Bustin 2009) . QPCR is often referred to as the gold standard for detection of mRNAs and is also used for validating data obtained from high-throughput microarrays and sequencing (Adamski et al. 2014; Jeanty et al. 2010; Morey et al. 2006) . Moreover, gene expression analysis was improved by probe-based, rather than intercalator-based, PCR product detection. Many fluorescent PCR probe-based chemistries have been developed and are available such as hydrolysis (Taqman) probes, molecular beacons, scorpions, eclipse probes, dual hybridization probes, amplifluor assays, LUX PCR primers and QZyme PCR primers. Accordingly, many commercial kits, based on real-time PCR, have also been developed. Taqman assay technology is considered as the gold standard for gene expression quantification but requires individual mRNA-specific hydrolytic Taqman probes, making them very costly for a high throughput mRNA expression profiling. CDX1 and FAT4 are members of the caudal-related homeobox gene family and a cadherin-related protein, respectively. These genes encode tumor suppressor proteins that normally inhibit the formation of tumors (Cai et al. 2015; Hryniuk et al. 2014; Qi et al. 2009; Zhang et al. 2013 ). CDX1 regulates intestine-specific gene expression and enterocyte differentiation (Suh and Traber 1996) . It is a key regulator of differentiation in the normal colon and in colorectal cancer. It has been shown to inhibit human colon cancer cell proliferation by reducing cyclin D1 and β-Catenin/T-cell gene expression (Guo et al. 2004; Lynch et al. 2003) . Abnormal expression of CDX1 has been observed in human gastric intestinal metaplasia (Kang et al. 2011) . FAT4 plays an important role in the planar polarity formation and functions as a Hippo signaling regulator that controls organ size (Qi et al. 2009 ). Recent studies showed that FAT4 silencing promoted proliferation, migration and cell cycle progression via the activation of Wnt/β-catenin signaling and i n c r e a s e o f p h o s p h o r y l a t e d Ya p a n d n u c l e a r accumulation of Yap (Cai et al. 2015; Ito et al. 2015; Ma et al. 2016) . In the present study, we tested a QPCR-based approach for mRNA expression analysis using added unique sequence indices (USI) to cDNA molecules. The USI contains stem and loop structure that have specific portion for attachment probe and reverse primer, which is 64 bp in size attached to the 5′ end of an RT-PCR primer that is specific for RNA targets (Fattahi et al. 2017) . The secondary structure, the principle of target recognition and cDNA synthesis by the USI barcode, as well as qPCR assay using universal primer and Taqman probe are represented in Fig. 1 . As specific cDNAs synthesized using this USI have the same barcode, the same set of reverse stem-loop and probe can be used for different target-specific amplification assays. In addition, USI primers were compared with a Taqman probe-based commercial ABI kit which is considered as the gold standard (Wang et al. 2006) , in their specificity, sensitivity, reproducibility and accuracy for caudal type homeobox 1 (CDX1), FAT atypical cadherin 4 (FAT4) genes expression in tumoral and nontumoral tissues of gastric cancer patients.
Materials and methods

Subjects
Ten snap-frozen resected gastric tumoral and their nontumoral counterpart tissues were obtained from patients referred to Rouhani Hospital, Babol, Iran, for surgery. Informed consent was obtained prior to sample collection which was approved by the ethical committee of Babol University of Medical Sciences.
Primer design CDX1 (NM_001804.2), FAT 4 (NM_001291285.1) and GAPDH (NM_001289745), primer pairs were designed using AlleleID 6.0 software and USI were attached to RT-PCR primers for qPCR-based approach (Table 1 ). The sequence of Taqman probe was FAM 5′ TGGATGTGTCTGCG GCGTTTTATCAT 3′ BHQ-1 and the sequence of reverse primer was 5′ GTATCCAGTGCTGCGACCGT 3′. Probebased commercial kit for CDX1, FAT4 and GAPDH were purchased from Applied Biosystems, USA.
QPCR assay
Tumoral and non-tumoral tissues were ground to a fine powder under liquid nitrogen. Total RNA was extracted from 20 to30 mg ground tissue using Tripure (Qiagen) according to the manufacturer's instruction as previously described (Samadani et al. 2015) . The integrity and purity of the RNA was measured based on electrophoresis and A260/A280 value, respectively. Genomic DNA contamination was removed from total RNA with DNase I (Roche Diagnostics, Mannheim, Germany) treatment according to the manufacturer's instructions. For TaqMan probe-based commercial kit, cDNA synthesis was performed using random hexamer primers and RevertAid Reverse Transcriptase (Fermentas, Lithuania). For stemloop RT assay, RNA samples were transcribed into cDNA via mRNA specific USI RT-PCR primers and R e v e r t A i d R e v e r s e Tr a n s c r i p t a s e ( F e r m e n t a s , Lithuania). QPCR reactions were carried out using S t e p O n e r e a l -t i m e P C R a p p a r a t u s ( A p p l i e d
Biosystems, USA). Amplification protocol consisted of an initial denaturation at 95°C for 5 min followed by 45 cycles, each consisting of denaturation at 95°C for 45 s, annealing at 60°C for 1 min.
Validation of stem-loop RT primer for gene expression
In order to evaluate the reproducibility and accuracy of stemloop primers, intra assay (test precision)-and inter-assay (test variability) of GAPDH, CDX1 and FAT4 genes were investigated using three repeat of each gene (3 samples) within one run and three different experimental runs performed in three consecutive days, respectively. In addition, in order to examine the dynamic range and sensitivity of the mRNA Fig. 1 Schematic representation of the principle of USI barcode application in gene expression analysis. a The target specific portion of the USI barcode binds specifically to the target mRNA and is reverse transcribed to make the first-strand cDNA which will contain a specific portion for probe and reverse primer attachment at its 5' end. b During qPCR assay, the synthesized cDNA is amplified with specific forward and universal reverse primers and amplification is quantified in the presence of the universal Taqman probe quantification in universal Taqman assay, series of consecutive 10-fold dilutions of untreated RNAs were generated. The cDNA was synthesized by specific stem-loop primer followed by real-time PCR amplification with specific forward primer, universal reverse primer and Taqman probe.
Statistical analysis
Relative fold change of target RNA level was determined using the 2 -ΔΔCT method (Livak and Schmittgen 2001) by Relative Expression Software Tool (REST 2009). The significant difference between stem-loop and commercial kit was statistically analyzed by paired Student's t test. P < 0.05 was considered as statistically significant.
Results
Expression of CDX1 in gastric tissue specimens Expression of CDX1 was determined using qRT-PCR in 10 tumoral and their non-tumor tissue counterparts of stomach. In the stem loop assay, CDX1 was down-regulated in 70% of tumoral tissues and its expression was up-regulated in 20% of cases. In contrast, in the commercial kit assay, 60% of samples showed low expression and 30% were overexpressed. In both methods the expression of one sample (10%), did not change (Fig. 2) .
Expression of FAT4 in gastric tissue specimens
In stem loop assay, 80% of samples exhibited downregulation of FAT4 in gastric cancer tumor, while its expression was up-regulated in one examined tumor tissue. In commercial kit assay, results also indicated down-regulation of FAT4 in 80% of tumors and over-expression of FAT4 only in one sample which was down regulated with stem-loop assay. Expression of FAT4 did not change in one sample in both assays (Fig. 3) . Therefore, out of 10 examined samples, the 2 methods were concordant in 80% of cases (Fig. 2) .
Comparison of stem loop system with commercial kit
The expression levels of CDX1 and FAT4 genes by stem loop and commercial kit assays were measured by real-time RT-PCR in tumoral and non-tumoral tissues. Data analysis by rest software indicated that in both assays FAT4 and CDX1 were down-regulated. The difference between the P values of the 2 methods (stem loop and commercial kit assays) was not significant (Table 2 ). As shown in Figs. 2 and 3, for both CDX1 and FAT4, a discordance in gene expression evaluation was observed between the commercial kit and USI primer in only 1 out of 10 analyzed samples.
Stem-loop primer efficiency, linearity, intraand inter-assay variations
As shown in Fig. 4 , all examined genes showed high real-time PCR efficiency with 94%, 92% and 103% efficiency for GAPDH, CDX1 and FAT4, respectively. There was a good correlation between obtained Cts and their respective RNA concentrations over three log10 RNA dilutions for all genes (r 2 ≥ 0.99). The reproducibility assay was examined by performing 3 mRNA genes with 3 replicates. Coefficients of Variability (CV) were calculated by dividing the standard deviation by mean of plate × 100. For all examined genes, the reproducibility of tests was low in inter-assay (< 1.78%) and even lower in intra-assay (< 1.13%). Low CV values demonstrate the high precision of the assays and assure that the results are consistent throughout the study (Table 3) . (Higuchi et al. 1992) , SYBR Green (Ririe et al. 1997) , SYTO (Monis et al. 2005) , EvaGreen (Mao et al. 2007 ), BEBO and BOXTO (Bengtsson et al. 2003 ) rely on binding of dyes to double-stranded DNA, and increases in fluorescence over a hundred fold are monitored throughout the cycles. These dyes enable binding to any dsDNA. Although this method is capable of assaying a wide range of mRNA expression in a high-throughput manner, it is less specific as the primer dimer and non-specific products are also detected (Bustin and Nolan 2004; Ginzinger 2002; Lind et al. 2006; Whitcombe et al. 1999; Wong and Medrano 2005) . In contrast, fluorophorelabeled oligonucleotides detect only the targeted product and become the preferred choice for real-time PCR compared to dsDNA binding dyes. To date, many fluorophore-labeled oligonucleotides have been developed such as hydrolysis (Taqman) probes, molecular beacons, scorpions, eclipse probes, LUX PCR primers and QZyme PCR primers (Bengtsson et al. 2003; Kiss et al. 2006; Whitcombe et al. 1999) . The main disadvantage of Taqman probes is their cost, as a specific probe must be synthesized for each target. While real-time PCR technology is continuously improved and its usefulness and versatility is proven, detection of RNA in qPCR remains a bottleneck process for labs and a limiting factor in choosing a low-cost or specific method that can successfully generate gene expression data. We have developed a simple, novel, low-cost and specific approach for mRNA expression profiling by adding USIs to cDNAs before any amplification. Distinctively, cDNAs having USIs represent a combination of the advantages of both fluorophore-labeled oligonucleotides and the dsDNA binding dye methods, i.e., the specificity of the probe-based primer and cost-effectiveness of the dsDNA binding dye method.
USIs allowed amplification and quantification of cDNAs using the same probe for all examined cDNAs, with similar level of efficiency. For specificity and sensitivity investigation of this method, the expression of CDX1 and FAT4 in tumoral and non-tumoral tissues of gastric cancer patients was compared with probe-based commercial kit (ABI) which is generally considered as the gold standard (Wang et al. 2006) . Like the commercial kit (ABI), this new approach indicated that the expression of both CDX1 and FAT4 were significantly down-regulated in most tumoral tissues which suggests that reduced CDX1 and FAT4 gene expression can trigger carcinogenesis. In support of our finding, another recent study has demonstrated that human FAT4 gene expression is decreased in gastric tumoral tissue. FAT4 is a tumor suppressor and prevents the growth and invasion of gastric cancer cells via inhibition of the Wnt/β-catenin signaling pathway as well as inactivation of YAP oncoprotein (Cai et al. 2015 , Maet al. 2016 ). Qi et al. indicated that FAT4 was down-regulated in breast cancer via promoter methylation (Qi et al. 2009 ). Also, Rauch et al. demonstrated CpG island methylation of FAT4 in lung cancer (Rauch et al. 2012 ). Moreover, exome sequencing revealed that missense and nonsense somatic mutations were commonly found in FAT4 in melanoma cancer (Nikolaev et al. 2012) . Also, CDX1 inhibits human colon cancer cell growth via cyclin D1 and β-catenin/TCF and its gene expression is repressed in colon cancer (Guo et al. 2004; Lynch et al. 2003) . CDX1 can decrease gastric cancer cell growth by promoting apoptosis and cell cycle arrest and its expression is lost in gastric cancer (Li et al. 2014) . In contrast, Bornschein et al. showed that the expression of CDX1 was not different in tumor and tumordistant mucus, while CDX1 expression was significantly increased in tumor compared with normal patients (Bornschein et al. 2013) . In the present study, the comparison of results obtained by SL assay and commercial kit demonstrated that there were no significant differences between SL assay and gold standard method. Therefore, suggesting that SL primer can replace gold standard and can be used for qualitative and quantitative real-time PCR assays with high stability. Moreover, we investigated the linearity and reproducibility of this assay. The data showed that there was a high linearity and reproducibility for all examined genes. Our method has some advantages over the other probes methods as a relatively small region within genes (at least 35 nucleotides) is needed for primer design. Furthermore, because all genes are quantified by USIs attached to cDNA, it avoids Taqman design parameters barrier such as identical Tm criteria, Ta temperature, length Criteria, GC content and amplicon length. Consequently, this method allows researchers to design realtime qPCR assays within the least time and to analyze many transcripts of virtually any organism.
In conclusion, we have developed and tested a convenient, cost-effective and specific method for gene expression analysis. The use of USIs exhibits the same sensitivity and specificity as the gold standard but reduces the costs for detection or quantification of multiple targets. 
